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ATLAS LAr Phase II Upgrade:       
•  Replace the LAr readout electronics 
•  Modify the forward region, including: 

•  possible new (s)FCAL   (or miniFCAL) 
•  possible new forward precision timing detector 

Figure 1. Schematic drawing of the ATLAS LArg calorimeter system. In the middle the barrel
cryostat hosts two electromagnetic wheels, at each end the end cap cryostats host two concentric
electromagnetic wheels, two hadronic wheels and thee forward calorimeter wheels.

which allow for correction for the upstream material using a layer weighting technique. The
requirement for good particle identification, of electrons versus jets, and photons versus π0, is
achieved through a fine granularity of the detector, especially in the first sampling, allowing a
fine position and angular resolution (50mrad/

√
E).

The potentiality that super-symmetric particles may be produced in LHC collisions invites
for excellent missing energy determination. Therefore the ATLAS LArg calorimeters have an
almost 4π acceptance, and sets the energy resolution criteria for the LArg hadronic and forward
regions to 50 %/

√
E for the pseudo rapidity range |η| < 3 and 100 %/

√
E in the pseudo rapidity

range 3 < |η| < 4.9.
The very fine granularity and longitudinal segmentation of the calorimeter allow through layer

weighting technique, when estimating the energy offline, to correct for the non compensating
nature of the calorimeter. Finally the LHC 40MHz bunch frequency makes pile-up an important
background. To minimize its contribution, and making use of the fast rise time of the ionisation
signal, bipolar shaping is applied in the front end electronics.

3. The Atlas Liquid Argon Calorimeters
Three large aluminum cryostats host the LArg calorimeters as displayed in Figure 1. The
three cryostats are surrounded by a barrel hadronic calorimeter build out of iron absorbers
and scintillating tiles as active material, This calorimeter, TileCal, is described in a separate
contribution at this conference [1]. The design and construction of the barrel and endcap EM
calorimeter is precisely documented in the paper [3], and [4] respectively.
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Some	
  ATLAS	
  LAr	
  Milestones	
  

!  IniEal	
  Design	
  Review	
  (IDR)	
  
	
  	
  	
  	
  	
  	
  	
  	
   	
  -­‐	
  second	
  half	
  of	
  CY	
  2016	
  

! Technical	
  Design	
  Report	
  (TDR)	
  
	
  	
  	
  	
  	
  	
  	
  	
   	
  -­‐	
  second	
  half	
  of	
  CY	
  2017	
  

! Another	
  very	
  important	
  date	
  
	
  	
  	
  	
  	
  	
  	
  	
   	
  -­‐	
  decision	
  on	
  sFCAL	
  (and	
  maybe	
  also	
  HGTD?)	
  expected	
  by	
  July	
  2016	
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!  WBS	
  was	
  unEl	
  recently	
  organized	
  around	
  acEviEes	
  at	
  L3,	
  with	
  different	
  insEtuEons	
  at	
  L4	
  

"  Different	
  tasks	
  under	
  L4	
  are,	
  at	
  least	
  for	
  now,	
  each	
  given	
  separate	
  subtasks	
  for	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Design,	
  Prototype	
  and	
  ProducEon	
  phases	
  

!  A[er	
  recent	
  Phase	
  II	
  management	
  meeEng,	
  I	
  proceeded	
  to	
  propose	
  a	
  reorganized	
  WBS	
  
structure,	
  with	
  insEtuEons	
  at	
  L3	
  and	
  acEviEes	
  at	
  L4	
  	
  

"  Have	
  iterated	
  this	
  new	
  scheme	
  a	
  couple	
  of	
  Emes	
  with	
  Chuck	
  

!  A	
  recent	
  change	
  is	
  that	
  I	
  have	
  introduced	
  a	
  new	
  AcEvity,	
  “System	
  IntegraEon”,	
  to	
  collect	
  
the	
  BNL	
  efforts	
  on	
  FE	
  and	
  BE	
  electronics	
  (except	
  for	
  PA/shaper)	
  
"  This	
  change	
  allows	
  a	
  cleaner	
  DOE/NSF	
  separaEon,	
  with	
  the	
  FE	
  and	
  BE	
  deliverables	
  

falling	
  under	
  NSF	
  scope,	
  and	
  the	
  BNL	
  work	
  accounted	
  separately	
  

"  Latest	
  WBS	
  structure	
  is	
  aaached	
  to	
  Indico	
  

!  For	
  today,	
  spreadsheet	
  is	
  sEll	
  organized	
  according	
  to	
  original	
  scheme	
  

"  Actually,	
  is	
  handy	
  for	
  now	
  to	
  see	
  what	
  resources	
  are	
  required	
  for	
  what	
  acEvity,	
  but	
  
will	
  need	
  to	
  change	
  later	
  to	
  new	
  WBS	
  structure	
  



US	
  LAr	
  AcAviAes	
  and	
  InsAtuAons	
  

1.  sFCAL	
  (or	
  LAr	
  MiniFCAL)	
  
"  U	
  Arizona	
  

2.  FE	
  Electronics	
  
"  Columbia,	
  U	
  Penn,	
  SMU,	
  UT	
  AusEn,	
  BNL	
  

3.  BE	
  Electronics	
  
"  Stony	
  Brook,	
  U	
  Arizona	
  (MSU,	
  U	
  Oregon)	
  

4.  System	
  IntegraEon	
  	
  	
  
"  BNL	
  	
  	
  	
  

5.  HGTD	
  
"  UCSC,	
  U	
  Penn,	
  U	
  Iowa,	
  SLAC	
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(s/Mini)FCAL	
  Core	
  Costs	
  (from	
  SD)	
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!  For	
  sFCAL,	
  discussion	
  of	
  construcEon	
  responsibiliEes	
  is	
  quite	
  advanced,	
  with	
  a	
  
collaboraEon	
  that	
  includes	
  US,	
  Canada,	
  Germany,	
  Russia	
  

!  As	
  for	
  original	
  FCAL,	
  U	
  Arizona	
  proposes	
  to	
  produce	
  sFCAL1	
  modules,	
  and	
  also	
  cold	
  
electronics	
  for	
  all	
  sFCAL	
  modules	
  

!  ConstrucEon	
  responsibiliEes	
  not	
  yet	
  discussed	
  in	
  case	
  (much	
  cheaper)	
  MiniFCAL	
  opEon	
  
is	
  adopted,	
  but	
  U	
  Arizona	
  would	
  be	
  involved	
  in	
  case	
  of	
  LAr	
  MiniFCAL	
  

!  sFCAL	
  vs	
  MiniFCAL	
  decision	
  milestone	
  now	
  listed	
  (in	
  SD)	
  as	
  “mid-­‐2016”	
  

!  Cost	
  esEmate	
  for	
  US	
  contribuEon	
  is	
  $5074k	
  for	
  sFCAL	
  	
  

"  Would	
  reduce	
  to	
  ~$1000k(?)	
  in	
  case	
  of	
  LAr	
  MiniFCAL	
  (and	
  zero	
  if	
  no	
  FCAL	
  changes)	
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!  The	
  sFCAL	
  tasks	
  are	
  the	
  same	
  as	
  done	
  by	
  U	
  Arizona	
  in	
  the	
  original	
  construcEon	
  

"  Apart	
  from	
  thinner	
  gaps,	
  the	
  sFCAL1	
  modules	
  have	
  the	
  same	
  structure	
  as	
  the	
  
FCAL1	
  modules	
  built	
  in	
  Tucson	
  

!  Effort	
  required,	
  and	
  associated	
  cost,	
  are	
  well	
  understood	
  

!  John	
  Rutherfoord	
  has	
  prepared	
  a	
  dra[	
  BOE,	
  which	
  is	
  on	
  Indico	
  

!  For	
  comparison,	
  the	
  Actual	
  Costs	
  during	
  the	
  original	
  FCAL	
  construcEon	
  were:	
  	
  

	
   	
  1013k	
  (Labor),	
  1945k	
  (M&S),	
  246k	
  (travel),	
  for	
  a	
  total	
  of	
  3205k	
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!  As	
  in	
  original	
  construcEon,	
  US	
  groups	
  proposing	
  to	
  take	
  lead	
  responsibility	
  for	
  LAr	
  FE	
  
readout	
  electronics,	
  with	
  deliverables	
  including:	
  

"  Rad-­‐tol	
  ASICs:	
  

o  Preamp/shaper	
  (BNL,	
  U	
  Penn)	
  

o  ADC	
  (Columbia)	
  

o  High	
  speed	
  serializer	
  (SMU)	
  

"  OpEcal	
  link	
  components	
  (SMU)	
  

"  FEB2	
  (Columbia)	
  

!  Apart	
  from	
  a	
  complementary	
  French	
  

PA/shaper	
  effort,	
  no	
  non-­‐US	
  groups	
  are	
  

currently	
  pursuing	
  these	
  tasks	
  



LAr	
  Electronics	
  Core	
  Costs	
  (from	
  SD)	
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!  Two main tasks: 
!  Develop ADC chip in 65 nm CMOS 
!  Develop FEB2 

!  JP	
  working	
  on	
  BOE	
  (dra[	
  so	
  far	
  is	
  on	
  Indico)	
  
!  FEB	
  M&S	
  esEmates	
  based	
  on	
  FEB,	
  Phase	
  I	
  LTDB	
  
!  ADC	
  M&S	
  esEmates	
  based	
  on	
  pricing	
  info	
  for	
  65	
  nm;	
  assume	
  ADC	
  

produced	
  with	
  PA/shaper	
  and	
  serializer	
  on	
  same	
  wafers	
  to	
  avoid	
  mulEple	
  
mask	
  charges	
  	
  

!  Labor	
  esEmates	
  developed	
  boaoms-­‐up	
  based	
  on	
  previous	
  projects	
  
(including	
  FEB,	
  130	
  nm	
  ADC	
  for	
  Phase	
  I)	
  

!  Work	
  similar	
  to	
  what	
  we	
  did	
  in	
  original	
  construcEon	
  (SCA	
  and	
  FEB	
  
development),	
  for	
  which	
  the	
  Actual	
  Costs	
  were	
  M&S	
  4352k	
  +	
  Labor	
  4217k	
  for	
  
a	
  total	
  of	
  8569k	
  

!  Comparison	
  supports	
  esEmate	
  of	
  total	
  costs	
  of	
  M&S	
  5896k	
  +	
  Labor	
  4403k	
  



PA/shaper chip 
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!  Effort led by BNL, with collaboration from U Penn (Mitch Newcomer), to develop 
and produce PA/shaper chip in 65 nm CMOS 

!  Bottoms-up manpower estimates from Hong, Mitch 

!  M&S production costs assigned to U Penn, to maximize NSF scope 
!  Mostly packaging charges, since NRE + wafer production contained 

within ADC costs 

!  Still need someone to start working on BOE (Hong?) 
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!  SMU 
!  Develop serializer chip in 65 nm CMOS, plus optical link components 
!  Manpower estimate made bottoms-up 
!  M&S (and manpower) estimates profit from Phase I work 

!  See next slide 

!  J. Ye working on BOE (first draft to be provided this week) 
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!  Tim Andeen, who has been very active in Phase I ADC effort as a Columbia 
postdoc the past 5 years, is a new Asst. Prof. at UT Austin 

!  Tim would like to continue close collaboration with Columbia 

!  Profiting from the experience he gained at Columbia, we discussed possibility 
his group could help with chip testing, both performance and irradiation 
!  He is looking into possibility to get some EE or tech manpower, so that he 

could build his own test jigs; otherwise, we could provide them 
!  His university is supportive 

!  Put in 1 FTE plus modest M&S and travel to support testing role 

!  Need to get Tim started on BOE 



LAr BE Electronics 

October	
  23,	
  2015	
   18	
  US	
  ATLAS	
  LAr	
  Phase	
  II	
  Upgrade	
  Scrubbing	
  

!  BE	
  construcEon	
  responsibiliEes	
  for	
  Phase	
  II	
  
are	
  so	
  far	
  less	
  advanced	
  than	
  for	
  FE	
  

"  Current	
  RODs	
  were	
  built	
  by	
  European	
  
collaborators,	
  and	
  	
  considerable	
  interest	
  
exists	
  there	
  for	
  a	
  similar	
  role	
  for	
  the	
  LPPR	
  
in	
  Phase	
  II	
  

"  US	
  groups	
  are	
  playing	
  significant	
  roles	
  in	
  
Phase	
  I	
  LDPS,	
  and	
  will	
  bring	
  this	
  experEse	
  
to	
  development	
  of	
  BE	
  electronics	
  for	
  
Phase	
  II	
  

!  BE electronics was not included in US cost/manpower estimates made in 2014, 
so needed to start new costing effort 

!  On	
  Sept	
  24,	
  I	
  held	
  a	
  mtg	
  at	
  CERN	
  in	
  which	
  the	
  various	
  US	
  groups	
  were	
  invited	
  to	
  present	
  
their	
  proposed	
  BE	
  contribuEons,	
  and	
  esEmates	
  of	
  needed	
  resources	
  

"  PresentaEons	
  were	
  made	
  by	
  U	
  Arizona,	
  BNL,	
  Stony	
  Brook	
  and	
  MSU+Oregon	
  

"  IniEal	
  esEmates	
  were	
  prepared	
  based	
  on	
  these	
  inputs	
  and	
  subsequent	
  followups,	
  
and	
  are	
  now	
  included	
  in	
  the	
  spreadsheet	
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!  In	
  recent	
  discussions	
  I	
  had	
  with	
  Wade	
  and	
  Stephanie,	
  we	
  all	
  agreed	
  that	
  efforts	
  
of	
  MSU	
  and	
  Oregon	
  would	
  be	
  more	
  sensibly	
  hosted	
  within	
  TDAQ	
  (they	
  are	
  in	
  
fact	
  included	
  in	
  the	
  TDAQ	
  WBS	
  shown	
  during	
  our	
  last	
  Phase	
  II	
  mgmt	
  mtg)	
  

"  They	
  are	
  included	
  in	
  my	
  spreadsheet	
  today,	
  including	
  their	
  esEmated	
  costs,	
  
but	
  these	
  items	
  will	
  be	
  removed	
  in	
  future	
  

"  Removing	
  the	
  MSU	
  and	
  Oregon	
  contribuEons	
  reduces	
  LAr	
  BE	
  total	
  
construcEon	
  costs	
  (ie.	
  FY20-­‐FY24)	
  from	
  $7993k	
  to	
  $4281k	
  

!  BE	
  effort	
  is	
  conEnued	
  collaboraEon	
  of	
  Stony	
  Brook,	
  Arizona,	
  BNL	
  
"  For	
  DOE/NSF	
  split	
  issues,	
  M&S	
  listed	
  under	
  Stony	
  Brook,	
  and	
  BNL	
  

contribuEons	
  listed	
  under	
  separate	
  WBS	
  for	
  System	
  IntegraEon	
  

"  CosEng	
  uses	
  experience	
  from	
  this	
  group’s	
  development	
  of	
  the	
  LDPS	
  for	
  
Phase	
  I	
  

"  John	
  H.,	
  Kj,	
  Hong	
  are	
  working	
  together	
  to	
  prepare	
  BOE	
  



LAr BE Cost Estimate 
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!  As in original construction, BNL is planning to be involved in testing and 
integration of both FE and BE electronics 
!  FEB2 precision analog testing (after functional test at Columbia) 
!  Full FE crate system test (used to qualify FE system before PRR) 
!  Contribution to development (with SB, Az) of BE electronics 
!  Tests to integrate and test the FE and BE electronics together 

!  To	
  maintain	
  clean	
  DOE/NSF	
  split,	
  have	
  separated	
  these	
  BNL	
  acEviEes	
  and	
  
grouped	
  them	
  into	
  a	
  separate	
  task	
  (task	
  4	
  from	
  a	
  previous	
  slide)	
  with	
  its	
  own	
  
(DOE-­‐funded)	
  WBS	
  

!  Following	
  this	
  strategy,	
  the	
  LAr	
  FE	
  and	
  BE	
  deliverables	
  (apart	
  from	
  BNL	
  
effort	
  on	
  PA/shaper	
  chip)	
  can	
  all	
  fall	
  under	
  NSF	
  scope	
  

!  M&S	
  costs	
  placed	
  as	
  much	
  as	
  possible	
  under	
  university	
  group	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(eg.	
  U	
  Penn	
  for	
  PA/shaper,	
  SB	
  for	
  BE)	
  

!  Manpower	
  esEmates	
  from	
  Hong	
  	
  	
  	
  	
  (BOE	
  not	
  available	
  yet)	
  



System Integration Cost Estimate 
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HGTD	
  

!  Scoping	
  Document	
  includes	
  
possible	
  new	
  “4D”	
  detector	
  in	
  
space	
  of	
  current	
  MTBS	
  
"  Δz	
  =	
  60	
  mm	
  detector	
  could	
  

cover	
  η	
  of	
  2.4	
  –	
  4.1	
  (5.0)	
  

!  Aiming	
  for	
  Eme	
  res’n	
  of	
  30-­‐50	
  
ps	
  and	
  spaEal	
  granularity	
  of	
  
1-­‐100	
  mm2	
  

!  Possibly	
  mulEple	
  layers,	
  if	
  also	
  
used	
  as	
  preshower	
  

!  Synergy	
  with	
  possible	
  Si/Cu	
  
miniFCAL	
  (and	
  also	
  CMS)	
  

!  More	
  MC	
  studies	
  needed	
  to	
  
opEmize	
  design	
  and	
  evaluate	
  
ability	
  to	
  use	
  Eming	
  to	
  reject	
  
pileup,	
  select	
  PV,	
  …	
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HGTD	
  Core	
  Costs	
  (from	
  SD)	
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!  A	
  number	
  of	
  US	
  insEtuEons	
  have	
  expressed	
  interest	
  in	
  HGTD	
  

!  Spreadsheet	
  includes	
  efforts	
  presented	
  so	
  far	
  (UCSC,	
  U	
  Penn,	
  U	
  Iowa,	
  SLAC)	
  
!  It	
  is	
  possible	
  (likely?)	
  that	
  more	
  groups	
  will	
  come	
  forward	
  sEll	
  

!  Need	
  to	
  idenEfy	
  person	
  to	
  lead	
  effort	
  to	
  prepare	
  BOE	
  (Ariel	
  Schwartzman?)	
  

!  UCSC	
  hosEng	
  a	
  1-­‐day	
  mtg	
  on	
  fast	
  Eming	
  electronics	
  on	
  Nov.	
  9,	
  which	
  is	
  a	
  good	
  
opportunity	
  to	
  talk	
  together	
  about	
  future	
  organizaEon	
  of	
  effort	
  



HGTD Cost Estimate 
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HGTD	
  Discussion	
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!  For	
  a	
  number	
  of	
  reasons,	
  it	
  was	
  agreed	
  within	
  internaEonal	
  ATLAS	
  (and	
  
therefore	
  also	
  US	
  ATLAS)	
  to	
  manage	
  HGTD	
  within	
  LAr	
  

!  It	
  is	
  clear	
  that	
  the	
  highest	
  prioriEes	
  for	
  LAr	
  for	
  Phase	
  II	
  must	
  be	
  dealing	
  with	
  
the	
  FCAL	
  problems	
  at	
  high	
  lumi	
  (eg.	
  replace	
  with	
  sFCAL)	
  and	
  developing	
  a	
  
new	
  electronic	
  readout	
  (both	
  FE	
  and	
  BE)	
  	
  

!  Without	
  these	
  upgrades,	
  the	
  LAr	
  calorimeters	
  will	
  not	
  perform	
  as	
  
needed	
  in	
  the	
  HL-­‐LHC	
  phase	
  

!  Given	
  limited	
  resources,	
  the	
  HGTD	
  will	
  always	
  come	
  out	
  at	
  the	
  boaom	
  of	
  the	
  
prioriEes,	
  if	
  simply	
  compared	
  with	
  the	
  other	
  LAr	
  needs	
  

!  If	
  the	
  US	
  wants	
  to	
  parEcipate	
  in	
  HGTD,	
  we	
  need	
  to	
  have	
  separate	
  
“guidance”	
  for	
  this	
  detector	
  

!  ie.	
  HGTD	
  can	
  be	
  managed	
  within	
  LAr,	
  but	
  needs	
  separate	
  allocaEon	
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Cost	
  Issues	
  and	
  Discussion	
  

!  Spreadsheet	
  has	
  total	
  US	
  construcEon	
  cost	
  (FY20-­‐FY24)	
  of	
  $38.8M	
  

!  Moving	
  MSU+Oregon	
  to	
  TDAQ,	
  this	
  reduces	
  to	
  $35.1M	
  	
  

!  How	
  to	
  handle	
  the	
  various	
  scenarios	
  that	
  exist?	
  

"  Assume	
  both	
  sFCAL	
  and	
  HGTD	
  built:	
  	
   	
  	
  	
  $35.1M	
  
"  Assume	
  sFCAL	
  built,	
  but	
  NOT	
  HGTD:	
  	
  	
   	
  	
  	
  $30.0M	
  

"  Assume	
  NO	
  sFCAL,	
  no	
  MiniFCAL	
  and	
  no	
  HGTD:	
  	
  $25.0M	
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AllocaAon?	
  

!  How	
  should	
  US	
  allocaEons	
  for	
  each	
  subsystem	
  be	
  set?	
  

!  LAr	
  is	
  17.0%	
  of	
  enEre	
  ATLAS	
  Phase	
  II	
  upgrade	
  
"  Hal’s	
  slides	
  from	
  the	
  JOG	
  show	
  134M	
  for	
  subsystem	
  scope	
  (plus	
  conEngency,	
  

project	
  mgmt,	
  etc.	
  to	
  get	
  grand	
  total	
  of	
  $230M)	
  

"  A	
  17%	
  fracEon	
  would	
  correspond	
  to	
  $22.8M	
  	
  	
  	
  (cf.	
  ~19.6M	
  from	
  JOG	
  mtg)	
  
	
   	
  (Also,	
  US	
  LAr	
  request	
  is	
  a	
  similar	
  fracEon	
  of	
  the	
  total	
  US	
  requests)	
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PrioriAzaAon	
  

!  The	
  spreadsheet	
  on	
  Indico	
  includes	
  a	
  “PotenEal	
  ReducEons”	
  sheet	
  that	
  
itemizes	
  possible	
  descoping	
  

!  Included	
  are	
  2	
  lists,	
  one	
  providing	
  a	
  total	
  reducEon	
  of	
  ~12.8M	
  and	
  the	
  
second,	
  extended	
  to	
  include	
  even	
  much	
  more	
  damaging	
  descopings,	
  that	
  
would	
  provide	
  a	
  total	
  reducEon	
  of	
  ~18.9M	
  	
  
"  In	
  the	
  Reference	
  scenario	
  from	
  the	
  SD	
  (where	
  both	
  sFCAL	
  and	
  HGTD	
  are	
  

included	
  in	
  the	
  construcEon)	
  these	
  would	
  reduce	
  US	
  costs	
  to	
  25.5M	
  (19.4M)	
  	
  

!  Guidance	
  of	
  ~19.6M	
  shown	
  at	
  JOG	
  would	
  require	
  adopEng	
  all	
  of	
  
“Extended	
  Descoping”	
  list,	
  causing	
  terrible	
  damage	
  to	
  the	
  program	
  
"  AddiEonal	
  losses	
  include:	
  no	
  FCAL	
  cold	
  electronics,	
  no	
  PA/shaper	
  producEon,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

X2	
  less	
  BE	
  manpower,	
  X2	
  less	
  System	
  IntegraEon	
  manpower,	
  no	
  HGTD	
  contribuEon	
  	
  	
  

!  We	
  need	
  the	
  LAr	
  guidance	
  to	
  more	
  reasonably	
  reflect	
  the	
  fracEonal	
  value	
  
and	
  cost	
  of	
  the	
  LAr	
  upgrade	
  as	
  part	
  of	
  the	
  overall	
  Phase	
  II	
  upgrade	
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Backup	
  Slides	
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Phase II TDAQ Architecture 
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sFCAL	
  Schedule	
  (from	
  SD)	
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MiniFCAL	
  Schedule	
  (from	
  SD)	
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LAr	
  Electronics	
  Schedule	
  (from	
  SD)	
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  Schedule	
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